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Synopsis: This study presents the experimental results on properties of concrete 
with replacement of natural aggregate by recycled concrete aggregate (RCA). 
Experimental data on the creep behavior of concrete mixtures (basic and drying 
creep) was obtained. The replacement factor of natural aggregate by RCA were 
0%, 15%, 30%, 60% and 100%, and the test conditions were 50% RH and 20°C. 
The results of these trials were used to provide a comparison with results of tests 
on the reference concrete, for ages up to 270 days. The creep coefficient data 
(instantaneous, basic and drying) presented, along with the maximum strain and 
the specific creep data. The results reveal considerable increase in creep when is 
increase replacement of natural aggregate with recycled concrete aggregate. The 
drying creep, especially shower more significant increase when compared to the 
reference concrete. 
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INTRODUCTION 
 
 
There has been little research hitherto into the long-term properties of recycled 
concrete aggregate (RCA). Amongst these, creep is of considerable importance 
if this type of aggregate is to be used for making structural concrete. Some 
studies with RCA indicate higher creep coefficients than are found in ordinary 
concrete containing natural aggregate. The creep coefficients generally tend to 
be 30% to 60% higher than the reference concretes mixtures. In extreme cases 
with total substitution of RCA for natural aggregate (NA), the creep coefficient 
may be up to 300% higher [1, 2, 3, 4, 5, 6, 7, 8]. In studies carried out by Sato, 
Kamai and Bada [9], the reported increases of creep coefficients are about 2.0, 
2.2 and 3.4 times higher than with the reference concretes mixtures. According 
to Nishibayashi and Nishobajasi [10], it seems that these increases gradually 
become more marked with the passage of time. 
 
Amongst the probable causes responsible for increase in the creep in concrete 
made with recycled concrete aggregate (CRCA) are low density and high 
porosity of the RCA, and the possibility that this type of concrete contains more 
free water. In addition, lower strength and lower static modulus of elasticity of 
this type of concrete [11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21] also contribute 
to high creep [22, 23, 24]. The above characteristics of RCA are attributed to 
the presence of old mortar adhering to surface of aggregate particles. It is 
known that, with ordinary concrete, the mortar matrix contributes to high strain, 
while natural aggregate particles tend to restricting it. Expressions have even 
been proposed showing the correlation between the creep phenomenon and the 
amount of matrix in concrete [23, 24] 
 
In the case of CRCA, the above-mentioned premises is valid, it may be possible 
to estimate creep as a function of the total content of matrix in the concrete (the 
newly-mixed matrix plus the old matrix adhering to the natural aggregate). 
However, there are reports stating that creep undergoes a great increase when 
the aggregate (in the fine fraction of a concrete) are substituted by RCA [25] 
 
If all the above is taken into account, the predictions and formulations of creep 
coefficient will need to consider these particularities in the properties both of 
the RCA and the concrete mixtures made with this type of aggregate (CRCA) 
[26]. This paper discusses what the implication might be of an increased 
presence of an RCA in the behavior of different of different samples of CRCA, 
in particular with respect to creep properties. 
  
 
 
 
EXPERIMENTAL DETAILS 
 
 
At this stage of our research into the creep properties of CRCA, the materials, 
variables, procedures and techniques were identical to those discussed in a 
companion paper “Shrinkage of concrete with replacement of aggregate with 
recycled concrete aggregate” [27]. The provisos and exceptions at this stage, 
which are exclusively devoted to the study of these creep properties of CRCA, 
are discussed in detail below. 
 
Following the 28-day curing, two out of every four samples established for each 
of the r  factors under study (two for basic creep and two for total creep) were 
coated and protected according to the specifications established in the above-
mentioned study, so that these samples could then be placed inside the climatic 
chamber and positioned in the loading frames to begin the loading process. The 
samples were maintained in these environmental conditions until the end of the 
test period (t = 270 days) 
 
Figure 1 shows 12 of the 24 samples used at this stage of the study. These 
samples were arranged in pairs and according to r  factors in each one of the 
groups of twelve loading frames used. Figure 2 presents the details of the 
complete configuration for each of the loading frames used. In each frame, this 
configuration included a Freyssinet jack, a nitrogen gas accumulator, a 
manometer, a swivel for each end of the frame, a nozzle for introducing oil, and 
distribution plates and supports. 
 
The beginning of the CRCA strain measurements was t0 = 28 days of age while 
the established level of stress for all the concrete samples was σc/f´c = 0.35. 
Table 1 presents the experimental values of f´c for each r  factor of the study and 
the level of applied stress. 
 
 
Creep of Concrete Containing RCA 
 
 
The strain values given below are the result of an average of the strain of two 
identical samples for each of the variables. To calculate the strain for basic creep 
(εc basic) and drying creep (εc drying), the principle of superposition of effects was 
applied. This considers in its calculations the instantaneous strain (εi) and total 
strain (εc total) in each case. 
 
Similarly, the coefficients of basic creep (ϕbasic) and drying creep (ϕdrying), were 
obtained in simplified form from the creep strain (εc), i.e., by considering them 
as proportional to the instantaneous strain (εi) at the constant level of stress. The 
  
 
equation used was: ( ) ( ) ( ) )E(t)(, 000
c
ic ttttt
σϕεϕε == . Here, ( )tϕ  represents the 
creep coefficient (relation between the stress caused by creep at a particular age 
and the elastic stress), cσ  = constant stress applied to the concrete and E  = 
modulus of elasticity for the instant t0 [18] 
 
Finally, for the calculation of specific creep, the level of stress proposed in this 
experimental project was considered as being the result of σc/f´c = 0.35 in each 
case. Then, the following equation was applied: S
EPcreep Specific = , with 
EP  = total creep and S  = σc/f´c stress measured in the concrete [10, 28] 
 
Table 1 shows the instantaneous creep strain for the basic properties (εi basic) and 
properties associated with drying (εi drying) [27]; in both cases, these values were 
obtained at the moment the load was applied in the respective loading frames. 
These values, their variations and the limit values obtained (including those of 
the reference concrete) are summarized below: 
 
1. In the case of εi basic, a maximum of 0.1645 mm/m was obtained for the 
factor of r  = 0.30, and a minimum of 0.1350 mm/m for the factor of r  = 
0.15, with a variation of only 0.0295 mm/m. In this group of values, an 
average εi basic of 0.1453 mm/m is calculated. 
 
2. In the case of εi drying, a maximum of 0.1600 mm/m was obtained for the 
factor of r  = 0.00, and a minimum of 0.1350 mm/m for the factor of r  = 
0.15, with a variation of only 0.0250 mm/m. In this group of values, an 
average εi drying of 0.1488 mm/m is calculated. 
 
The above results lead us to deduce that the approximations in the initial stress 
levels established may be considered as uniform for all the samples. This means 
that future validity is guaranteed in the comparison of the behavior of these 
samples with respect to common initial conditions and constant conditions 
throughout the period of study.  
 
As for basic creep (εbasic) in the CRCA samples under study, we shall say that 
those with a factor r  ≥ 0.15 presented overall a higher increase in strain than 
that obtained in the reference concrete (factor r  = 0.00). Thus, it may be said 
that the presence of only small quantities of RCA was sufficient to alter the 
strain of the CRCA samples (at least with respect to εbasic). Nonetheless, it is 
also necessary to bear in mind that the range of maximum variation obtained lies 
between 0.1580 mm/m for the factor r  = 0.00 (t0 = 28 days), and 0.2135 mm/m 
for the factor r  = 0.00 (t = 270 days). This is only 0.0555 mm/m, so that it 
should not be considered as a parameter that would not be applicable to test 
concrete. The above may be seen in graphic form in Figure 1, and also in Table 
  
 
2, which presents a summary of all results obtained, and calculated for the 
periods of 28, 90, 180 and 270 days of testing. 
 
In the case of calculation of coefficients of basic creep (ϕbasic) obtained on the 
basis of the foregoing material, it may be said that they present a tendency to 
rise with an increase in the factor r , while the factor of concrete age is also 
congruent with increases in these coefficients. The above may be seen in Table 
2 and in Figure 5 (specific creep), where the coefficients of ϕbasic are presented 
in a solid line for the different r  factors, at 28, 90, 180 and 270 days of testing. 
In comparative terms, and taking into account the limit values of the coefficients 
of ϕbasic presented, we are speaking of increases of the order of 30% more when 
an CRCA with a factor of r  = 1.00 is used, in comparison with the reference 
concrete. 
 
As for the total creep of the CRCA samples shower in Figure 4, it may be noted 
that the behavior of these CRCA shower a gradual increase, where as the 
differences increase over the testing period, as well as with the factor r . It is of 
particular importance to note that, beyond factors of r  ≥ 0.30, the total increases 
in strain are considerably higher than they are below this factor. 
 
The drying creep coefficients (ϕdrying) of the CRCA samples (see Table 2 and the 
dashed lines in Figure 5 for specific creep) increase to the order of 24% in the 
least of cases (factor r  = 0.15), and up to 47% when the factor r  = 1.00. As 
may be seen, the proportions of increases in drying strain with variation in the r  
factors are considerably more marked that in the case of properties attributed to 
basic strain. 
 
Finally, Figure 5 presents the behavior of CRCA samples with respect to 
specific creep. For variables in basic properties (solid line), it is important to 
note that practically all the r  factors may be considered as constant for equal 
ages of comparison while, for variables of properties in the case of drying 
(dashed line), the curves are horizontal until a factor of r  = 0.30, after which all 
the curves increase in their upward slope. This is the case almost from the very 
beginning of the tests through to their end. 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
CONCLUSIONS 
 
 
Based on the results presented in this paper, the following conclusions are 
reached: 
 
 
Specific conclusions: 
 
 
1. With respect to instantaneous strain (εi): when the CRCA samples when 
submitted to equivalent levels of stress shower approximately equal 
strain. 
 
2. With respect to the basic creep (εbasic) of the CRCA samples studied: 
factors of r  ≥ 0.15 presented overall a higher increase in strain than that 
obtained in the reference concrete. This suggests that the presence of 
small quantities of RCA in the concrete is sufficient to raise the basic 
creep of the concrete. 
 
3. The coefficients of basic creep (ϕbasic) obtained showed a tendency to 
rise with an increase in the r  factor, while the factor of the age of the 
concrete is also congruent with an increase in these coefficients. These 
increases in the coefficients of basic creep were around 30% higher 
when a factor of r  = 1.00 was used. 
 
4. The total creep in the CRCA shower a gradual increase, while the 
difference increase according to testing period time and the r  factor. 
 
5. Beyond factors of r  ≥ 0.30, the increases in total strain were 
considerably higher than they are below this factor. It would seem that 
an RCA content below 30% was safe in the sense that this RCA content 
draws the line between the behavior of this types of concrete and normal 
aggregate concrete. 
 
6. The coefficients of drying creep (ϕdrying) in the CRCA samples increased 
to the order of 24%, and up to 47%, higher. Here, the proportions of 
increases in drying strain, with variation in the r  factors, were 
considerably greater than in the case of properties attributable to basic 
strain. 
 
7. The specific creep in the CRCA samples was practically constant for all 
r  factors, while for variables of properties through drying, the curves are 
horizontal until a factor of r  = 0.30, beyond which all curves increase in 
their upward slope.  
 
  
 
 
General conclusions: 
 
 
1. The use of RCA in structural concrete mixtures is feasible if the 
parameters and increases in creep coefficients are correctly taken into 
account with respect to their behavior. 
 
2. The development of the mechanical properties of CRCA is similar to 
that of ordinary concrete, although the strength levels are lower. 
 
3. The increase in creep properties in CRCA can be explained on the basis 
of RCA properties. 
 
4. The phenomenon of creep is of great importance in concrete mixtures 
containing RCA; the characteristics and composition of RCA affect the 
concrete behavior in the short and long terms. This brings about 
variations in the creep coefficients, therefore the use of RCA will be 
restricted if these coefficients are either overlooked or assumed as being 
identical to those of conventional concrete. 
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Table 1 Test mixtures and conditions for the creep test. 
Factor 
Test 
f´c 
MPa 
σc/f´c 
Test 
σc/f´c 
MPa 
Age of beginning 
 of loading (t0), 
(days) 
εc Instantaneous  
basic (mm/m.) 
εc Instantaneous 
drying (mm/m.) 
r  = 1.00 34.50 
0.35 
12.08 
28 
0.1370 0.1580 
r  = 0.60 35.80 12.53 0.1470 0.1530 
r  = 0.30 37.00 12.95 0.1645 0.1380 
r  = 0.15 38.10 13.34 0.1350 0.1350 
r  = 0.00 38.80 13.58 0.1430 0.1600 
OC 38.40 13.44 200 0.1180 0.1265 
Note: r  = percentage of natural aggregate replaced by recycled aggregate concrete. OC = 
original concrete. 
 
 
 
 
 
 
 
 
 Table 2 Creep of test mixtures containing recycled concrete aggregate. 
Factor 
Test 
duration 
(t), (days) 
εc basic (mm/m.)
 
εc drying (mm/m.)
 
ϕ 
Coefficient 
Specific
  
creep 
(1/MPa)
 
Total Basic Total Drying Basic Drying Basic Drying 
r  = 1.00
28 
0.2039 0.0669 0.6054 0.3805 0.49 2.41 0.017 0.050 
r  = 0.60 0.2070 0.0600 0.6150 0.4020 0.41 2.63 0.017 0.049 
r  = 0.30 0.1950 0.0305 0.5235 0.3550 0.19 2.57 0.015 0.040 
r  = 0.15 0.1912 0.0562 0.5339 0.3427 0.42 2.54 0.014 0.040 
r  = 0.00 0.1880 0.0450 0.4947 0.2897 0.31 1.81 0.014 0.036 
OC 0.3553 0.2373 0.2569 -0.1069 2.01 -0.85 0.026 0.019 
r  = 1.00
90 
0.2539 0.1169 0.9135 0.6386 0.85 4.04 0.021 0.076 
r  = 0.60 0.2530 0.1060 0.8478 0.5888 0.72 3.85 0.020 0.068 
r  = 0.30 0.2545 0.0900 0.7320 0.5040 0.55 3.65 0.020 0.057 
r  = 0.15 0.2440 0.1090 0.7229 0.4789 0.81 3.55 0.018 0.054 
r  = 0.00 0.2062 0.0632 0.6876 0.4644 0.44 2.90 0.015 0.051 
OC 0.1577 0.0397 0.3768 0.2106 0.34 1.67 0.012 0.028 
r  = 1.00
180 
0.3066 0.1696 1.1000 0.7724 1.24 4.89 0.025 0.091 
r  = 0.60 0.2950 0.1480 1.0031 0.7021 1.01 4.59 0.024 0.080 
r  = 0.30 0.3069 0.1424 0.8780 0.5976 0.87 4.33 0.024 0.068 
r  = 0.15 0.3015 0.1665 0.8472 0.5457 1.23 4.04 0.023 0.064 
r  = 0.00 0.2579 0.1149 0.8280 0.5531 0.80 3.46 0.019 0.061 
OC 0.1790 0.0610 0.4090 0.2215 0.52 1.75 0.013 0.030 
r  = 1.00
270 
0.3505 0.2135 1.1610 0.7895 1.56 5.00 0.029 0.096 
r  = 0.60 0.3490 0.2020 1.0750 0.7200 1.37 4.71 0.028 0.086 
r  = 0.30 0.3440 0.1795 0.9480 0.6305 1.09 4.57 0.027 0.073 
r  = 0.15 0.3330 0.1980 0.9021 0.5691 1.47 4.22 0.025 0.068 
r  = 0.00 0.3010 0.1580 0.8619 0.5439 1.10 3.40 0.022 0.063 
OC 0.1821 0.0641 0.4250 0.2344 0.54 1.85 0.014 0.032 
Note: r  = percentage of natural aggregate replaced by recycled aggregate concrete. OC = 
original concrete. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Specimens in climatic chamber. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Supported load frame. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Basic creep for different recycled concrete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Total creep for different recycled concrete. 
 
 
 
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0 1500 3000 4500 6000
Time (hours)
St
ra
in
 
(m
m
/m
) 
r = 0.00 
r = 0.15 
r = 0.30 
r = 0.60 
r = 1.00 
OC 
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
0 1500 3000 4500 6000
Time (hours)
St
ra
in
 
(m
m
/m
) 
r = 0.00 
r = 0.15 
r = 0.30 
r = 0.60 
r = 1.00 
OC 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Specific creep for different recycled concrete. 
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